The aim of this work was to determine the chemical composition of essential oil from aerial partsof Mentha arvensis L. f. piperascens (MAO) and to evaluate the effect of its fragrant chemicals on electroencephalographic (EEG) activity of human brain. The MAO was obtained by supercritical CO2 extraction. The maximum yield was 2.38% at conditions of 70ºC and 200 bar. There were 32 volatile chemicals with 6 alcohols (67.11%), 13 hydrocarbons (17.05%), 9 esters (11.50%), 2 ketones (7.16%), 1 oxide (2.77%), and 1 aldehyde (0.56%). The major components were (Z,Z,Z)-9,12,15-octadecatrien-1-ol (50.06%), 2-hydroxy-4-methoxyacetophenone (7.50%), and 3,4-dihydro-8-hydroxy-3-methyl-1H-2-benzopyran-1-one (6.60%). Results of the EEG study showed that inhalation of MAO significantly changed the EEG power spectrum values of relative gamma, relative fast alpha, and spectral edge frequency 90%. During the inhalation of MAO, the value of relative fast alpha was significantly increased (p<0.05). On the other hand, the values of gamma and the spectral edge frequency 90% were significantly decreased (p<0.05). The present study suggests that fragrant chemicals of essential oil of M. arvensis reduce the level of mental stress and that they could be used in the treatment of psychophysiological disorders.
Introduction
The genus Mentha (Lamiaceae syn. Labiatae) comprises approximately 30 species and members of this genus are characterized by their volatile oils which are of great economic importance, being used by the flavor, fragrance and pharmaceutical industries [7, 21] . Mentha arvensis L. f. piperascens Malinvaud ex Holmes is commonly cultivated in tropical and sub-tropical climates. The plant is aromatic, stimulant and carminative, and it has been used as antispasmodic, anti-mycotic and anti-peptic ulcer agents [13, 23] . It contains several aromatic and bioactive compounds such as menthone, menthofuran, sesquiterpenes, flavonoids, triterpenes, carotenoids, tannins and minerals [16] . It has unique importance among the species because of its high content of (1R,2S,5R)-2-isopropyl-5-methylcyclohexanol (menthol). Due to physiological cooling effects of menthol, the plant has been used as fragrance component in soaps, detergents, cosmetics, confectionary and toothpastes [1, 22] .
The pharmaceutical properties of aromatic plants are commonly attributed to its essential oils. Essential oils are complex, multi-component systems mainly composed of terpenes [8] . They are one of the important sources for the treatments of various psychophysiological disorders such as depression, anxiety and cognitive disorders [18] . The physiological and psychological effects of fragrances could be evaluated by electroencephalographic (EEG) study. Taking into account the popular uses and biological activities of M. arvensis, it is surprising that no psychophysiological study has been performed concerning the effect of its essential oil on EEG activity of human brain. Therefore, the present investigation was undertaken to determine the chemical composition of essential oil from aerial parts of M. arvensis using GC/MS analysis and to evaluate the effect of its inhalation on EEG activity of human brain.
Materials and Methods

Plant material
Aerial parts of Mentha arvensis L. f. piperascens were purchased from BN Herb Inc., Pyeongchang, South Korea. A voucher specimen was deposited in the Herbarium of Kangwon National University under the number KWNU 85135. The plant material was dried at room temperature, ground to a powder using a blender and stored at -20 o C prior to use.
Supercritical CO2 extraction (SFE)
The SFE of essential oil from aerial parts of M. arvensis (MAO) was performed on an ISA-SCCO-S-050-500 SFE device (ILSHIN Autoclave Co. Ltd., Daejeon, Korea). Carbon dioxide (99.5%, w/w pure) was delivered from a standard cylinder and compressed to an extraction pressure by an air-driven liquid pump. For each condition, about 120 g of milled M. arvensis aerial parts were loaded into a stainless steel extraction vessel. During the extraction process, the extraction pressure, extraction temperature and CO2 flow rate were controlled by adjusting the regulating valves. To optimize the SFE conditions for MAO, the extraction was conducted at different pressures (200, 300 and 400 bar) and temperatures (40, 50, 60 and 70 o C). The CO2 flow rate was maintained at 30 ml/min. After one hour of extraction time, the extraction vessel was depressurized and the oil was collected from the separation vessel. The amount of extracted oil was determined gravimetrically after collection, and the extraction yield was expressed as percent of the dry weight of aerial parts of M. arvensis.
Gas
chromatography/mass spectrometry (GC/MS) analysis GC/MS analysis of MAO was performed using a Varians CP3800/Varians 1200L gas chromatography/mass spectrometer, equipped with a Varians VF-5MS polydimethylsiloxane capillary column (30 m × 0.25 mm, film thickness 0.25 μm). The oven temperature was initially at Fragrance Administration MAO was used as the fragrance stimulus. The stimulus was presented to the subjects in a randomized sequence. EEG measurement sites maintain a constant temperature (23°C) and humidity (50%) to 32.5 m 2 size of the laboratory.
The subjects were instructed to sit quietly, close their eyes and to breathe normally during the measurement. The fragrance stimulus was dipped in a filter paper (1 cm   2 ) then placed about 3 cm in front of the subject's nose. EEG was recorded before and during the fragrance exposure for 30 seconds.
Data Analysis
The mean power values [microvolt (μV)] were calculated for 25 EEG analysis indicators ( Table 1 ). The t-mapping of EEG waves of brain was constructed by using Telescan software package (LXSMD61, LAXTHA Inc., Daejeon, Korea). The SPSS statistical package 18 (SPSS, Inc., Chicago, IL, USA) was used for data analysis on EEG activity before and during the exposure of MAO by a paired t-test based on the EEG power spectrum values.
Results
Yield of essential oil in order to evaluate their influence on the yield of the essential oil ( Chemical composition of the essential oil
The identified compounds of the MAO were listed in Table 2 according to their area percentage. Results showed that among 32 components identified, (Z,Z,Z)-9,12,15-octadecatrien-1-ol (50.06%) was found to be major compound in the essential oil of aerial parts of M. arvensis. In addition, 2-hydroxy-4-methoxyacetophenone (7.50%), 3,4-dihydro-8-hydroxy-3-methyl-1H-2-benzopyran-1-one (6.60%), β-selinene (5.55%), (Z)6,(Z)9-pentadecadien-1-ol (3.32%), caryophyllene oxide (2.77%), α-selinene (2.76%) and phenylethyl alcohol (1.88%) were found to be considerable levels in the essential oil of M. arvensis aerial parts in the present study. 
EEG activity
The changes of EEG power spectrum values of brain due to the inhalation of MAO are presented in Table 3 . Among the values of 25 indices analyzed, significant changes were observed in the values of relative gamma, relative fast alpha and spectral edge frequency 90%. The t-mapping of brain 
Discussion
Aromatic plants are commonly used in the traditional system of medicine. Essential oils extracted from them are widely used for the treatments of various diseases, such as cancer, cardiovascular diseases, atherosclerosis, thrombosis, bacterial and viral infections [8] . Generally, essential oils are extracted by conventional methods such as hydro-distillation, steam distillation and solvent extraction. However, the limitations of these techniques are thermal degradation, partial hydrolysis, incomplete extraction, solvent residues and post-extraction process [5] . Therefore, supercritical fluid extraction (SFE) of active compounds from plant material is an alternative technique and has certain advantages over steam-distillation and solvent extraction. SFE can be performed at lower temperatures, thereby preserving the original extract composition and properties [17] . Carbon dioxide is the most desirable solvent for supercritical fluid extraction for the extractions of fragrances and other active compounds. In addition, it is an inert, non-flammable, non-toxic, inexpensive, odorless and generally accepted a harmless ingredient in pharmaceuticals, cosmetics and food [4, 17, 26] . Hence, SFE was performed for the extraction of In the present study, the major compound (Z,Z,Z)-9,12,15-octadecatrien-1-ol has been previously identified in Camellia taliensis. Among 28 aroma components from the volatile oils of Camellia taliensis, (Z,Z,Z)-9,12,15-octadecatrien-1-ol present up to 1.2% in tender leaves and 11.2% in older leaves [28] . Verma et al. [27] reported that the essential oil of M. arvensis mainly composed of menthol, menthone, isomenthone, menthyl acetate, limonene and neomenthol.
Further, stated that the essential oil content and terpenoids composition of M. arvensis were found to vary with respect to crop age. The chemical composition of plant essential oils may vary according to species, part of the plant, season of harvesting and geographical origin [10, 24] . In addition, the extraction methods can also influence the type and amount of molecules extracted [2, 14] .
In EEG study, inhalation of MAO provided significant changes on EEG power spectrum values of relative gamma, relative fast alpha and spectral edge frequency 90%. Iijima et al. [9] reported that the fast alpha activity increased significantly during agarwood incense exposure compared to that during rose oil exposure. Similarly, the present study reveals that the increase of fast alpha waves during the inhalation MAO when compared to before inhalation. Sayowan et al. [19] demonstrated that the inhalation of lavender oil increased the theta and alpha power spectrum values in all the regions. Further, the author suggested that the increase of alpha wave activity is highly correlated to the relaxation effect of brain. Previously, several studies have stated that alpha activity was increased significantly due to the inhalation of fragrances and provided relaxing effect on brain activity [6, 9, 19] . The results of present study showed that the increase of fast alpha waves enhanced the attention and relaxation effects of brain functions. The alpha activity (8-13 Hz) is one of the fundamental electrophysiological events of the human electroencephalogram (EEG). Klimesch (12) described that the EEG oscillations in the alpha wave is positively related to cognitive performance and brain maturity. Further, the author stated that alpha frequency shows large inter-individual differences which are related to age and memory performances. Motomura et al. [15] suggested that the exposure of lavender oil increased the level of theta 1 waves and decreased the level of beta waves.
These changes could be attributed to reducing stress state associated with relaxation. The present investigation revealed that the decrease of relative gamma waves reduced the mental tension, anxiety and excited states of human brain.
In addition, the decrease of SEF90 values during the inhalation of MAO is attributed to the reduction of excessive anxiety, tension, anxiousness, or emotional states. The spectral edge frequency is calculated from the power in frequency ranges. The area under the curve of the power spectrum is calculated first. Following the frequency is derived that separates 90% of the area from 10% of the area is called as SEF90. The spectral edge frequency may increase during light anaesthesia and then decrease at deeper levels [25] .
Schwender et al. [20] stated that the SEF90 is reduced with increasing the concentration of anaesthetics. Furthermore, it has been suggested that SEF may be used to measure depth of anaesthesia and indicate arousal during emergence from general anaesthesia.
Overall results in the study show that the higher yield 
